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Abstract. The Chemical Engineering curriculum at Polytechnique Montreal is structured to gradually provide more 11 
and more autonomy to the students. The third-year Unit Operations is taught using an outcomes-based approach and 12 
represents a turning point in the undergraduate curriculum where rubrics-based assessments overtake normative 13 
assessments. This begs the question: is it really necessary to divulge the average to students following assessments? 14 
Those from a more industrial background see the average as an unnecessary crutch for students, while the more 15 
academically inclined see it as a useful pedagogical tool to provide feedback and help students determine if they 16 
have attained their learning objectives. To settle this debate, we set into motion a yearlong study during which the 17 
average results to tests were withheld. Students were asked to predict their grade and the class average, and provide 18 
feedback on the assessment process. Results show that students are able to predict the average, but have difficulty 19 
predicting their individual performance (especially before a test, where more than 50% of students are off by a factor 20 
of more than 10%). Students award more importance to their personal sense of learning satisfaction than their 21 
position with respect to the average, and do not systematically use the average to plan study time (despite preferring 22 
to know it). Thus, it may be possible to substitute alternate frames of reference to the class average in an outcomes-23 
based course, but this is not necessarily desirable and should at the very least be the subject of a more open 24 
discussion. 25 
 26 
Keywords: averages, outcomes-based approach, chemical engineering, unit operations, gender, perception 27 28 
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1. Introduction and context 29 
1.1 Polytechnique Montreal’s undergraduate chemical engineering curriculum 30 
The 120-credit Chemical Engineering undergraduate curriculum at Polytechnique Montreal is a 4-year program 31 
constructed as a learning program-based approach (Prégent et al., 2009). This has allowed for a high level of synergy 32 
between the various core classes in the curriculum. Ten years ago, this synergy allowed for the creation of several 33 
outcomes-based classes. The undergraduate curriculum committee accomplished this by first outlining 12 criteria 34 
that define the competence of a chemical engineering graduate, and then formulating a pedagogical design for course 35 
sequencing. Therefore, it is possible to monitor the evolution of a future engineer’s competence over a series of 36 
classes, specifically through the use of rubrics (Stevens and Levi, 2005; Huba and Freed, 2000). The curriculum is 37 
structured to promote student autonomy and develop certain skills that are specific to chemical engineers. Overall, 38 
the implemented strategy aims to change the type of support available to students throughout their academic career. 39 
In the beginning considerable support is offered; this gradually changes from support to mentoring as the student 40 
advances in his/her career. This evolution is linked not only to progression of the course content, but the assessment 41 
frequency and structure used, transitioning from a normalized approach (comparing students to each other) toward a 42 
criterion-based approach (comparison of students based on pre-established criteria).  43 
 44 
1.1.1 First year 45 
Most students registered in the first year of the Chemical Engineering bachelor program have completed college or a 46 
similar level of schooling (K+13). The transition from college to university is an important step that requires students 47 
to make many adjustments. To make this easier for new students, we conduct courses with a traditional framework 48 
that is largely similar to what they already know. In the beginning of the program, many courses have several 49 
assessments (graded tutorials) that account for a small percentage of the final course grade. This strategy forces the 50 
students to work steadily, thus preparing for their exams more easily. Autonomy is therefore limited at first to 51 
promote their integration into the academic world and contribute to the development of good working habits. 52 
 53 
Evaluations are corrected using traditional normative methods, which means scaling the grades so they are well 54 
distributed. In general, the grades are distributed along a normal curve. At the end of the assessment, the average, the 55 
standard deviation and a histogram showing the distribution of grades are presented to the students. These statistics 56 
help guide the professors when giving out final grades (A*, A, B+, B, C+, C, D+, D, F) for the course. In addition, 57 
using these statistics, students can determine how well they did in the course based on the average. At the end of 58 
their first year, the students complete an integrative project. This is the first course in which we begin assessing their 59 
skills using set rubrics. 60 
 61 
1.1.2 Second year 62 
In the second year, the professors give the students more autonomy. The courses have fewer assessments of lesser 63 
weight and more recommended sets of problems , pushing the students to study on their own. In addition, the nature 64 
of the assessments helps incorporate the concepts learned in the first year. For certain assessments, set rubrics are 65 
used. The schemes are provided to students before any evaluation, allowing them to clearly understand the criteria 66 
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used to formulate their final grades. Since the grader makes use of rubrics, he/she is able to compare student 67 
performance in terms of these set criteria, thus greatly diminishing correction bias and forming a clearer picture of 68 
competence development over a course sequence (Tardif, 2006). Following the evaluation, each student receives his 69 
or her completed assessment grid. The average can be calculated based on the various grades obtained, but it has no 70 
direct impact on the students’ final grade. Situating their performance on the assessment grid scale (clearly defined 71 
criteria) and not as a comparison to the group average is what is most important. However, the average can help the 72 
students to see where they stand compared to the group and therefore to make more effort, if needed.  73 
 74 
1.1.3 Third year 75 
In the third year, professors push the students to further develop their autonomy, with very little formal support, 76 
especially in situations they have already encountered. When students have questions about a course, they are 77 
encouraged to find the answer themselves or with the help of their fellow classmates. As a last resort, they are invited 78 
to consult their professors. The majority of assessments evaluate skills using set rubrics and some more traditional 79 
exams are also employed. As in the 2nd year, the professors give out the class average for information purposes, but 80 
do not use it to determine the various final grades for the course. The main course for third year students involves 81 
designing unit operations in chemical engineering and is worth 13 credits out of 30 for the year. In this course, 82 
students carry out a project worth 6 credits in which the assessment is based exclusively on a set rubric. Using this 83 
format, it is possible to evaluate the students’ skills based on precise criteria and not by comparing students with one 84 
another. The assessment grids for this particular class have been optimized over the past ten years and the clarity of 85 
the criteria used makes it possible to unambiguously define our expectations from the beginning. The students are 86 
therefore able to produce better quality work than with a more traditional method of assessment. When giving out the 87 
final letter grades for the course, the professors never use an average. The student’s grade is compared to the pre-88 
determined expectations without taking into consideration the performance of the other students. Nonetheless, for the 89 
few remaining normative evaluations (quizzes namely), averages are still disclosed to the students. 90 
 91 
1.1.4 Fourth year 92 
For fourth year students, we conduct courses where the students are very autonomous in the majority of decisions 93 
they make. The support offered by the professors is minimal and focuses mainly on orienting the students to useful 94 
resources because the required expertise may be outside of the competency of the professor involved in the different 95 
industrial projects. The assessment criteria are clearly defined from the beginning and directly related to industrial 96 
standards. Professors and the department’s industrial partners have jointly developed these criteria and the 97 
assessment focuses only on the students’ skills. In the course-project (capstone design project), both the professors 98 
and the industrial partners grade the students without taking into consideration the performance of other students. In 99 
this case, there is no average calculated. 100 
 101 
1.2 Debate on the necessity of divulging class averages 102 
This evolution from mostly normative to essentially outcomes-based evaluation brings about a pertinent question: is 103 
it still necessary to divulge the class average to students following a given evaluation in an outcomes-based class 104 
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environment, specifically in the third year of the above-described curriculum? Indeed, in a traditional, normative 105 
(curve-based) class, the class average may be seen as a useful tool allowing the student to situate himself/herself with 106 
respect to his/her colleagues. However, in an outcomes-based context, the average has no bearing on the student’s 107 
final performance. In fact, since students are compared to pre-established criteria, it is possible that a large number of 108 
students receive grades below or above expectations. Moreover, some faculty members have brought up the point 109 
that, once on the job market, a young engineer’s performance (and remuneration) will typically not be based on a 110 
comparison with colleagues, but rather on his/her ability to meet or exceed goals set forth by management. This 111 
philosophy is reflected in the fourth-year teaching approach. On the other hand, companies may compare one 112 
individual to another in a hiring context, though hiring may also be based on set criteria for teamwork, 113 
communication or specific technical skills. As stated previously, a transition from normative to outcomes-based 114 
evaluations takes place in the second year of the Polytechnique curriculum, though averages remained divulged for a 115 
small set of evaluations in the third year (despite having no bearing on the final grade). The present work aims to 116 
study the pertinence of divulging class averages in a competence-based approach, both through a literature survey 117 
and an empirical investigation conducted in Polytechnique Chemical Engineering’s flagship class for outcomes-118 
based education in the third year: Unit Operations. 119 
 120 
1.3 Unit Operations 121 
The Unit Operations class (GCH3100) is an innovative course taken in the 3rd year of the undergraduate curriculum. 122 
It is structured around four principal chemical engineering themes: applied fluid mechanics, applied heat transfer, 123 
separation processes and process control. The class aims for development of discipline-specific competences in 124 
parallel with professional, organisational, reflective, personal and human attributes, through authentic evaluation 125 
mechanisms (Wiggins, 1998; Huba and Freed, 2000; Roegiers, 2000; Scallon, 2004; Tardif, 2006; Prégent et al., 126 
2009). The course is divided into two parts: 127 
x Theory (7 credits) – developing knowledge and know-how for unit operations; 128 
x Practice (6 credits) – competence development through project-based learning and practice. 129 
 130 
This 13-credit workload represents almost the entire load for the semester in question (credit loads average 15 per 131 
semester). Students spend approximately 20 hours per week in class (roughly 50% of the total workload) and are 132 
taught by a team of 12 instructors. Class sizes range from 25 to 75 students. A specially designed classroom is 133 
dedicated to this course, as it is adapted for both traditional lectures and team projects. The integrated approach to 134 
teaching allows students to form stronger links between the various chemical engineering sub-disciplines and 135 
promotes a more autonomous learning experience. The evaluation mechanisms used to evaluate the development of 136 
knowledge and know-how are summarized in Table 1. The practice section of the course is entirely evaluated using 137 
rubrics, while the theory section is evaluated through traditional grading (though the final grade relies on a set 138 
rubric). It is pertinent to note that rubrics are used throughout the curriculum: students are therefore accustomed to 139 
knowing the evaluation criteria beforehand to better understand the instructor’s requirements. 140 
 141 142 
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Table 1 – Evaluation mechanisms in Unit Operations 143 
Theory section (7 credits) Practice section (6 credits) 
Evaluation tools Number Value Evaluation tools Number Value 
Guided tutorials 4 15% Learning modules (mini-projects) 2 15% 
Tests (weeks 4 and 8) 2 30% Project 1 25% 
Final exam (week 13) 1 55% Oral defence 1 25% 
   Laboratory report 1 20% 
   Team work evaluation 1 2.5% 
   Journal article review 1 2.5% 
   Document research quiz 1 5% 
   Project management homework 1 5% 
 144 
1.4 Literature survey 145 
1.4.1 Importance for students 146 
For students, the class average for an exam or a quiz is generally regarded as a welcome piece of information. It is 147 
used to compare one’s own performance to that of the group, and thus serve as a ranking tool. While it is 148 
appreciated, students may not need it to form a reference framework. Skaalvik and Skaalvik (2002) put forth that 149 
students are able to instinctively formulate both internal and external markers for comparison. External markers 150 
include their school’s ranking or reputation, the class average (from previous years), or comments from instructors or 151 
from particular students in or out of their class, such as students that often answer questions in lectures or those who 152 
take the longest to complete a test. Internal markers will vary from student to student and may include their own 153 
absolute performance in other classes or fields of study, their relative performance with respect to specific learning 154 
objectives, their perception of a given field of study over time, and the amount of time and effort attributed to a given 155 
course. The authors even speculate that divulging the average may be detrimental to certain students’ self esteem 156 
(note: averages are not typically divulged in Scandinavian countries, where the Skaalvik and Skaalvik (2002) study 157 
was conducted). 158 
 159 
1.4.2 Gender differences 160 
Students generally tend to overestimate their performance (Wesp et al., 1996). However, looking more closely, 161 
several studies have determined that success is indeed perceived differently between males and females: whereas the 162 
males tend to overestimate their degree of success, females underestimate their performance. While it is quite clear 163 
that general intelligence is not a gender trait  (Colom et al., 2000), the reason behind the perception bias remains 164 
unclear. Some studies explain this through differences in personalities in a given population (Soh and Jacobs, 2013; 165 
Oren, 2012): self-reported introvert students are generally better able to predict their performance on a given task, 166 
whereas their more extrovert counterparts would overestimate performance for the same task. The personality traits 167 
related to extrovert behavior tend to be more prevalent in males than females. 168 
 169 
Others evoke the remnants of ancient stereotypes that may influence how men and women self-evaluate their 170 
position in a group (Syzmanowicz and Furnham, 2011; Beloff, 1992). The Syzmanowicz and Furnham (2011) 171 
analysis examined self-evaluation results on a wide range of topics, including general intelligence, mathematics and 172 
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logic, spatial reasoning and verbal intelligence. Aside from verbal intelligence, men tend to overestimate their 173 
abilities in all other categories. However, this study did not account for the individuals’ age, which may play a part in 174 
the prevalence of certain stereotypes. On the other hand, one recent study conducted in an engineering design course 175 
demonstrated that there is no significant difference between the self-evaluation of male and female students (Van 176 
Tyne, 2011). This is further corroborated by a more wide ranging study conducted by Tariq and Durrani (2011). Van 177 
Tyne hypothesizes that this result is directly correlated to the fact that the students polled were in science, 178 
technology, engineering and mathematics (STEM) fields; in other words, if a female student enrolls in a traditionally 179 
male-oriented field, she is likely to have higher self-confidence and, thus, a better handle on her own abilities. It may 180 
also be that engineering students tend to be more realistic or quantitative than the general population. 181 
 182 
1.4.3 Optimism and evolving perceptions 183 
Students that are optimistic with respect to their studies generally have a more positive outlook on evaluations and 184 
their ability to control outcomes  (Hall et al., 2006; Ruthig et al., 2009; Perry, 1991; Ackerman and Wolman, 2007).  185 
This positive outlook is also related to their ability to predict academic success, and more generally, to attain actual 186 
academic success (Chemers et al., 2001). Moreover, Ruthig et al. (2009) demonstrated that students’ optimism and 187 
perception of control did not appear to evolve over the course of a semester, regardless of the feedback received after 188 
evaluations. However, there does appear to be an evolution of this optimism before and after a given exam: students 189 
overestimate their result before a quiz, but their predictions tend to be closer to reality immediately afterwards 190 
(Shepperd et al., 1996). Wolf (2007) would argue that the aim of providing feedback through evaluations is to ensure 191 
that students are able to gradually improve their performance over the course of a semester. As a result, if their 192 
performance perception mechanisms remain constant, one would expect their predictions to evolve over time. 193 
 194 
1.5 Study objectives 195 
Through the present study, we will learn more about how undergraduate Chemical Engineering students at 196 
Polytechnique Montreal perceive averages and performance. Specifically, we will determine if: 197 
- Divulging the average in an outcomes-based course is a useful pedagogical feedback tool; 198 
- Students are able to adequately evaluate and predict their performance in a core chemical engineering class. 199 
  200 
2. Method 201 
The study took place over the course of 2 semesters (Fall 2012 and Winter 2013) in the third-year unit operations 202 
course and involved a total of 56 students (26 males, 30 females). Students received a detailed presentation about the 203 
study, were informed that the class average would not be divulged by any instructor over the course of the semester, 204 
and were required to sign an informed consent sheet to participate. The participants were then required to fill out 205 
seven questionnaires over the course of the semester: 206 
- A prediction sheet during the first week of class, in which they are asked to determine which grade they 207 
expect to receive for the class, as well as their opinion on the importance of class averages as a learning 208 
tool; 209 
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- Three pre-exam prediction forms handed to them in the week preceding a test (2 tests, 1 final exam), in 210 
which they are asked to predict their grade and the class average, as well as their general feelings about the 211 
test; 212 
- Three post-exam prediction forms handed to them immediately after completing a test (2 tests, 1 final 213 
exam), identical to the pre-exam forms (with one exception – the final questionnaire included one extra 214 
question pertaining to their appreciation of the experience). 215 
 216 
It is pertinent to note that, despite the total sample size of 56 students, students did not systematically answer all 217 
questionnaires for a variety of reasons (absent from class, time restrictions after tests, partially filled forms, etc.). The 218 
retained sample size is indicated accordingly in the results section. 219 
 220 
3. Results and discussion 221 
3.1 Average as a pedagogical tool 222 
Third-year students were asked to provide their opinion with respect to several statements pertaining to evaluations 223 
and, more specifically, how they feel about averages during the first week of classes (Table 2).  While students tend 224 
to award a fair level of importance to the average (#1, 88% agreement), there is a split concerning its use as a 225 
pedagogical tool: 43% of students will not use this data to plan study time allotments for subsequent test (#2).  226 
Students generally seem to feel that their grade is typically representative of their level of understanding (#3, 73% in 227 
agreement) and that an above-average grade (#4), specifically a grade significantly exceeding the average (#5) is 228 
indicative of their performance. Statement #6 indicates that another, more personal metric (“feeling that I’ve learned 229 
something”) could provide an alternative to the average as a pedagogical tool, and it seems to be less rooted in 230 
comparisons to others (though 64% still agree with statement #7). 231 
 232 
Table 2 – Number of students in agreement with statements pertaining to evaluations and averages (N = 56). 233 
Top two answers are shaded, most popular answer is darkest. 234 
Statement Totally disagree 
Disagree 
somewhat 
Agree 
somewhat 
Totally 
agree 
1. Knowing the average following a written evaluation is 
important to me. 2 5 26 23 
2. My position with respect to the average for a given test is a 
decisive factor when allotting study time for subsequent tests 2 22 24 8 
3. My grade following a written evaluation is typically 
representative of how much I understood from a course 1 14 32 9 
4. In a written evaluation, an above-average grade is a strong 
indicator of my success 1 11 26 18 
5. The difference between my grade and the average is a strong 
indicator of my performance in a written evaluation 1 10 30 15 
6. Feeling that I've learned something is a strong indicator that 
I've succeeded 0 2 23 31 
7. Feeling that I've learned more than my colleagues is a strong 
indicator that I've succeeded 3 17 20 16 
 235 
3.2 Student predictions 236 
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Figure 1 compares the average of students’ individual pre- and post-test predictions to their actual results, for all the 237 
evaluations made during the semester. The error bars shown represent the 95% confidence interval, thus providing 238 
information with respect to the spread of the data. Furthermore, although the data is not shown, the students’ 239 
predictions of the class average show no statistical difference with respect to the actual computed average for all 240 
three evaluations (Student t-test with α = 0.05). In a sense, this is expected, given that the class averages for this 241 
particular course has remained relatively unchanged over the past decade, and this cohort of students has studied 242 
together for three years. The Figure 1 results could be interpreted as evidence that students are able to adequately 243 
predict their performance in an evaluation, and remain consistent in that ability throughout the course of the semester 244 
(except in the case of the pre-test prediction for the final exam, which appear overestimated). If this is indeed the 245 
case, it implies that their alternative frames of reference, possibly formed through the first two years of the 246 
undergraduate curriculum, are sufficient and do not degrade as a result of not receiving class averages. 247 
 248 
[Figure 1 about here] 249 
 250 
However, plotting individual actual results against predictions for the final exam (test with the largest amount of 251 
complete prediction data) nuances this conclusion (Figure 2). Indeed, Figures 2a and 2b show that approximately two 252 
thirds of both male and female students are well outside of the +/- 10% margin to have their pre-test predictions 253 
considered as adequate (13 out of 19 males and 16 out of 23 females are incorrect – N=42). Moreover, both male and 254 
female students seem to share a pre-test optimism: most over-predict their performance by a wide margin. This level 255 
of over-prediction diminishes slightly when asked after the test (Figures 2c and 2d): 9 out of 19 males and 10 out of 256 
23 females fall within the +/- 10% range. The data spread is also noticeably reduced (especially on the male side) and 257 
more symmetrical for post-test results. These individual results re-orient the conclusion stemming from Figure 1: 258 
students are capable of predicting the class average, but have greater difficulty predicting their own grade. In other 259 
words, students do not appear to be able to correctly self-assess their performance. If they were, some of them could 260 
use this information as a replacement for the average as a feedback tool and thus adjust their study patterns for the 261 
next assessment (as noted in Table 2, statement #2, over 40% of students would not see this as a useful study tool). 262 
 263 
[Figure 2 about here] 264 
 265 
In order to assess any gender-based effects, average performances by gender are plotted in Figure 3. Although upon 266 
first inspection, gender split results for the final exam seem to show a slight trend in agreement with the thesis 267 
brought forward by Syzmanowicz and Furnham (2011) whereby men tend to overestimate their capabilities, 268 
statistical analysis clearly demonstrates overlap in the confidence interval (Student t-test with α = 0.05). In other 269 
words, the results are more in line with the observations made by Van Tyne et al. (2011): women enrolled in an 270 
engineering degree show no significant difference in estimating their capabilities compared to men. This is 271 
confirmed in part by the results from Figure 2 – there are not noticeable differences between male and female 272 
students when inspecting individual prediction results. 273 
 274 
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[Figure 3 about here] 275 
 276 
Finally, student appreciation is quantified in Figure 4: when asked to rate the experience of not receiving the class 277 
average after a test over the course of a semester, the overwhelming majority indicated that they disliked the 278 
experience. This serves to indicate that students are quite set in their ways: they are not comfortable with loosing a 279 
quantitative frame of reference they have received throughout their studies (typically from high school onwards). It is 280 
pertinent to observe that 28% of students surveyed did appreciate the experience – these students correlate almost 281 
perfectly with those who indicated for statement #1 in Table 2 that knowing the class average was not particularly 282 
important to them, and show fair agreement (approximately 2/3) with the students who disagreed that their grade 283 
reflects their level of understanding (statement #3). In other words, students who normally rely on internal signals for 284 
motivation are not affected by external signals. It should further be noted that no negative pedagogical bias was 285 
observed: class averages and grade distributions were well in line with historical values for the course (data not 286 
reported). Therefore, not receiving the average following evaluations does not appear to have negatively (or 287 
positively) impacted learning. 288 
 289 
[Figure 4 about here] 290 
 291 
4. Conclusions 292 
This study has explored the necessity of divulging class averages for evaluations conducted in an outcomes-based 293 
class. The literature survey indicated that, for the most part, students form multiple frames of reference and should 294 
not be affected by the loss of a single one, such as the class average. An experimental investigation conducted over a 295 
full year has shown partial agreement with these results: students are able to adequately predict their peers’ 296 
performance (class average), though they have greater difficulty in predicting their individual performance. Further 297 
questioning reveals that, while students do not necessarily use the class average as a pedagogical feedback to allot 298 
study time and rather rely on their personal level of satisfaction with learning as a performance indicator, they are 299 
significantly dissatisfied when this information is withheld. 300 
 301 
Thus, based on this limited study, instructors teaching within a competence-based framework may likely safely 302 
withhold class averages, as it does not appear to be a necessary pedagogical tool. However, this should be done in 303 
accordance with a clear curriculum progression (gradually moving away from divulging class statistics, moving 304 
towards individual indicators) and through open discussion with the students to clarify why the information is being 305 
withheld (aligning with the industrial reality where salary and other employment considerations are based upon 306 
individual performance, not a comparison to averages). This will help avoid overwhelming dissatisfaction and 307 
contributing to additional stress to the students. 308 
 309 
 310 
 311 
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 367 
Figure 1: Averaged individual student performance predictions compared to actual test results for each written 368 
examination in the semester (errors bars represent the 95% confidence interval, numbers at the bottom of the bars 369 
represent the sample size). 370 371 
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Figure 2: Visual comparison of performance predictions vs actual results for the final exam - (a) pre-test predictions, $(*"
males; (b) pre-test predictions, females; (c) post-test predictions, males; (d) post-test predictions, females. Dashed $)+"
lines show slopes of 0.9, 1 and 1.1 respectively. (N = 42). $)!"
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 382 
Figure 3: Average student performance predictions split by gender for the final exam (errors bars represent the 95% 383 
confidence interval, numbers at the bottom of the bars represent the sample size). 384 
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 385 
Figure 4: Students’ appreciation concerning the non-disclosure of class averages over the course of the semester (N 386 
= 49). 387 
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